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6. WRNITINN 9NILIOUIU UAZNI5RBNLUUBIATS LunkU28uen

Chronobiology, Circadian Rhythm and Building Design (OPD)

[

“Chronobiology” Jumansfiidnwiieiiudemizn1suasuwlaseednssuiunsunuoady
ANUFINIRT AaussERUITlUIuiggna N3IniuANanfe J9miesaudu (circadian rhythm) &
I = a ada 1Y) i a «[1][2] a . .
Jumsidsusdasluadidinluseu 24 Plusiilannyuseuniseiing — lnes1eazidenves circadian
rhythm dulagnianuasluienans "ailan159ankuuaIA1ITEAIUUIAITHUNINLAZANINLINGDN ATy

Wl

° Tmemy

* Tmepy °

o Temo

Fastest reaction time
15:30

Melatonin secretion stops

07:30
Sharpest rise
in blond pressure06:45,

Greatest cardiovascular efficiency
and muscle strength
17:00

06:00 18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:3i

1:00 Melatonin secretion starts

02:0
Dee 2:30
pest sleep 00:00 Bowel movements suppressed
Midnight

'
v v Y

o ' o ¢ a . . (4]
SUN 7 F1a03a1 24 Valusveauyed Adniusiu Circadian Rhythm

! Wirz-Justice, A., & Fournier, C. (boeo). Light, Health, and Wellbeing: Implication from chronobiology for architectural design.
Design & Health Scientific Review , e&-c.

? Fszianumey, al. (soee). Chronobiology and Chronotherapeutics. a15OGTAIART , b-ev.

’ Wirz-Justice, A., & Fournier, C. (lboeo). Light, Health, and Wellbeing: Implication from chronobiology for architectural design.
Design & Health Scientific Review , ee-c.
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KAINNT3ANEWNe ansnsoasuilu Feuusthdrunmsssnuuuunundiasuan 18

= pslduassssuniaiieanuaindusnungUasusniinfiazanmsovinle uazmsliamiig
FUATRNY §tae wazqdgiae annsniudaindouneusneiansle

= uaedn (wasiifinnnueneduuasszana 480 unluwns) dududsdrfydonisnsedu
Melanopsin (wadsuuasiiagluaem - Retina) ¥ilduywdifanisiuda lisremanamiuey
\esnuasdinidvEnasonissziunamasans melatonin wagdh nszdunisinauyesszuy
sawlivia (neuroendoctrine) wagszuuUsEam (neurobiological) vosuywdlvinaudulni
e dauadihianduduninouassuminnmseing

traviolet ortwave
gamma X-rays rays ] infrared radar TV AM
rays rays
- —
10" 10® 102 -10° 100 D'~ 10 1 100 10°
— ~ _ Wavelength (meters)
o Visible Light ™
S

e — |
400 500 600 700

Wavelength (nanometers)

31.]17; 8 Spectrum YouasTinediy (Visible Light)[é]

4
Mrabet, Y. (boec, October o). All for a good night’s sleep! Retrieved June bl, boed, from Consciousness Energetics Blog:

http.//imaginalhealth.com/blog/category/sleep/

5
Pechacek, C. S., Andersen, M., & Lockley, S. W. (soow). Preliminary Method for Prospective Analysis of the Circadian Efficacy

of (Day)Light with the Applications to Healthcare Architecture. The Journal of the llluminating Engineering Society of North

America , e-bb.

6
Laurent, M. C, & Spengler, J. D. (boae, March ). Lighting and Health. Cambridge, Massachusetts, United States.
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200

150

Relative Energy
—
8

3

0
400 500
Wavelength (Nanometers)
Ul 9 Spectra annmaenlldesainssziameineg

Daylight Incandescent Fluorescent

intensity

400 500 400 500 400 700 400 500 00 00
wavelengih (nm) wavelength [nm] wavalength [nm]
Halogen Cool White LED Warm White LED
100 = 100
B0 B0
Z 404 £ 40
c c
2 £
E 40+ E 40
204 204
0= 0-
400 500 400 700 500 400 700 400 500 400 00

wavelength [nm) wavelangth (rm) wavelengih [rim)

.:' 1 1 1 [8]
5UM 10 Spectra 9nvaonlndodainaUsznnmnge

U

7
Laurent, M. C., & Spengler, J. D. (soec, March &). Lighting and Health. Cambridge, Massachusetts, United States.
8
Laurent, M. C., & Spengler, J. D. (soec, March &). Lighting and Health. Cambridge, Massachusetts, United States.
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Vertical [lluminance [lux]

2
400 - Kruitoff Color E
Temperature &
350 <Comfort” E:D
300 - Uncomfortably Cool g
<
250 A -qé
200 - 8
g

150 -
- 100% g
100 - 3
5]
50 - r75% g
F25% 9
T T T T T T T T T T T T T T T T T >1
2500k 4100K 5000k 6500k 10,000k =

SASFI ISFZ SFTSDSS SE SDBS SD?S

Approximate Source Color Temperature [K]
i i v a \ o [9]
JUT 11 Havesuasinelviiinnisauialunywd

= Tunslduasdseing (artificial lighiting) telunisadisussenedidaeasu circadian rhythm
meluerms Jelasarnlngasdunsiinwasainanislueias saweusinauasainaiely
AEendeuassTsiRty eraliumsiiunisslunisiaaduvesszuuuiuaniauaziiia
Usunannsldndenulueinis Inefeenuuuanunsaiden livasalwihiifuasiifignvgiid
g9ty (Duuaddiunniu) andunisnsgdu drcadian rhythm vesgldenmslaglisniuses
WiseduLas (lumination intensity) vesmaaalndll wilviiarsananumanzaufafiuans
Tu gUf 11 flosnnuasiigungiifgeluarannsaairennuliauienild (uncomfortably
cool) " uazasmilsfeivivesiuasussAvglunundUasuen fieanideaiszylu hie
7i 7 vuszuimnssulnihuasdeans” Wuddy

= mssednseddunslénu nszandeudludesdnenms (tinted windows) laglanizesnids
nsvandoudvntedini iesmnnsvandoudil anmsdeskinu Aduuasdiulusaening 3
Hundunasddnlunisadrsaufiugaves crcadian rhythm Tusywd

= wenaniunissuiisaninuasesausiisietuy TuegfumiuiuAsunlaswesaninganiees
auluosnggdne wuth nszanavesdgeengazidfiudeuly Tnsandufndeaiunniu &
nszanmidsududivdesny anaduaiunsadeinuuasdnn Gasiveadiuld Adauen

’ Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.

10 Pechacek, C. S., Andersen, M., & Lockley, S. W. (woow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.

! Pechacek, C. S., Andersen, M., & Lockley, S. W. (woow). Preliminary Method for Prospective Analysis of the Circadian Efficacy

of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.
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AAuuasdy) fefiuandlilu U 12 uardgeongasfianmansanfianunsaiuifeuasadngld
anas MBEIuYU NaNRIBENEEIeIY 818 60 U fuansovesiiuluanuasiiAinainuasn
Inhsiglotsaiu (F11 4000 K) fimnuadng 1,415 ux suwiiugiifieny 22 U ueadiud
ALEINg 1,000 Lux 1udu™

= vosmelueians Midvesions e #u wie dunay Avhliusseimavesioslunmsandu
dun9 (predominantly red or red-shifted finishes) azyinl#dansnansauszansnimvasln
#9467914 (the circadian efficacy of the light sources) ﬁaﬁ’uaqu circadian rhythm vy
anawisovaaly Tnglanefiuivandunanudoneasisnmnaundeuneuen

100 1
>
< 80} 083
g :
& 60 062
k=] ©
& z
g 40/ 043
] [0}
w >
& B
- 20F 0.2
"’ m

! ARTTRR 0

380 480 580 680

Wavelength [nm]

=] = = [ ' ¢ aa = = i
5UN 12 n9mluanIn1siU3guiisy MIEsHIUNEINIUNSYINANYeIYYY Niliey 20 U 60 U waz 80 U

9

12 Amundadéttir, M. L., Lockley, S. W., & Andersen, M. (eocem). Simulation-based evaluation of non-visual responses to daylight:
Proof-of-concept study of healthcare re-design. Building Simulation woe (pp. beléw-beioc). Chambéry, France: International
Building Performance Simulation Association.

v Pechacek, C. S., Andersen, M., & Lockley, S. W. (lsoow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.

1 Amundadéttir, M. L., Lockley, S. W., & Andersen, M. (soem). Simulation-based evaluation of non-visual responses to daylight:

Proof-of-concept study of healthcare re-design. Building Simulation woe (pp. beléw-beioc). Chambéry, France: International
Building Performance Simulation Association.
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7. uszuUIAINSsulninasdaans

7.1 szuulnAuaeddng
ey

Tiuaaing mnefuasaineiiinandsussivg uasseiug (Artificial light) léun wasadng
nuaealinneiin naonsuuasiiinindsfiuyudussiuiiu Wy wasinuasaliwgoolsaisud
(Fluorescent light) wasannvaenweadd (LED) Wudu iielifiuasaindldluenas Wilauaiafisame
wnzanfuiuildny sadadmsuldlunsmitl Wuluaunszssdyafniuauenns wazauinay
Tl uasainauisUszinelng
3188080

nsdesainennglulsmenuiadiuvesunungUisuen uwiasiuninislvikasiuandaiu viaealui
a el aa a [14] v a o = ° Y]
Wga Aeviaennalvinlgamalid 4000 asraain  nsglikasdunieonuifig Fanunzdmsy
15915795197 anUlsARE1LTaa liiwunEAD vaenlnnlidu1ky Aeviasandlan 1ied9a1nNnIg
d' aa t:i =1 =3 Y Q’l’ 1 ] < L& o v (v 1
WagudRnmdes winladaluvasalussinnil usegrslsinnuvasaaalimifmansdmsunissnwidiu
Ingjey Avidsaguldimvaealiivanvauiian Aevasngalin
Ao v = P Y [14] « 9 Y a A v o )
anlnAldasiduvasaiwmiloudunus  wWsldlmAnnisuasnaiilssanwasiluwmiauiuves
paanlWlulfazfiud ws1zenavinlrnisnsiaddadelseials anuusauilunedunissneitanelse
wagAdutinugnaedvesdnislitesndt 0.85
nshwasaeneluwungUisuen Usenaumevies feialuil
gl 1 wunusnsaumihdmiugUisuas/vm3egunsuuing loua
" Su-dethe
6 7 Y} wa U,
" gudila (@19l5uiuukung URmala)
" jinserUae-g
= q5yyndunus
B gnUsEIR-ANNTaY
" FUINSUUINS
| a X A awa Y} Y a = I Y Ay
gl 2 iU uRnundnveswuninegliuinsias/Mseldntni
" g579lsAnald/ ranzlsa (lsalifnse)
" 3579L5ARAMD
" g5anely
= Shwmeiuia (Treatment)
= TyianuSnen
" hdadn (lemessRunfenl)
" IUTLEUN
" WAWNNg
" Usyau
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] = & A o Y a a wa [
gl 3 wuatduayunishiusnisuasnsuiRa loua
» punUseasd/ Wit
= i 4 A
" ASEUBIMITINY AFDIAY
" LAugUnsaivnnenIsunmg
" Lfuredazen
=3 LV LY =
» Auveslddiudy/ wWasuyn
" U/ JlAuIng
" Feivgunsalineuaye1neiis

nslauasadneieseislusewatatuing wazauasen lauimuigd msuldlunisnsiasnw
a Ao a ¢ o [14] A | Ao < Y . . a |
Ao TauUselnniligliuuuden  oanwatiedn 1l launiiuuNsaaLauninuid (Prismatic) visowiy
nyeakaIvIYu(White Diffuser) tUusiu uasluduuinalavinaesaisidenldlaulnnduszdnsnimgs
Wy Taulipsounsunsansounnuazviouunae Wuiy  Aanuadinstuusasiualmdulununinsgiu
aupulniuasainsususzmelng

a v o v ! 1 ! 1 [15]
A15719% 5 deuuziszauaudesddneanielueiais vesduaulnduasadnauislsemedlne

Ussunnuasiuiinazianssy EqLux |UGR | | R amin NUBLNO
Tssng1ua

1. iudiseSunsdnm 200 22 80

2. aduilunainansiu 200 22 80

3. yaduhlunainansiy 50 22 80 | mnudesaineinitsysuity
4. vieainInw Ul uen 200 22 80

5. MOINIULNNE 500 19 80

6. VioannUNnY 300 19 80

Nufivaeingaelu

1. fuitily 100 19 80 | mnudesainginitsysuity
2. fiufimsraviluluvosingas 300 19 80

3, ftufinsalsauazinwlsa 1,000 19 80

4. pnuanslunaInasnu 5 19 80

5. Wonigtae 200 22 80

6. fiuinsralsaaly 500 19 90

7. vioudiElen 500 19 80

8. 19991881 300 19 80

9. oknAn 1,000 90

10. #uilaTausidn AN
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1. Uselan 0 (aifinsvnnawu)

2. Usean 0.15 (VIARDUALLNN)

3. Uselan 0.5 (eneudy) Wiulauln Uisasiliimensunng WetaeTin
4. Uszn 15 GRG LIRS

5. Uszm >15 (VINMBDUUI)

7.2 szuulniinnigs
ey

szuuliiinrings vunedls ssuulninsuidsindhanseuudmienssiugs wazanusaiuduy
wseruen wednemadliiluiuussueing
s18azden
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7.3 szuulniindnses
ey

syuulwindrses vunedawnasaneszuuiniidrses IdusunawnunisanemiastndTunsal
ANy iseuwnasdemiaslnihanmsiiindades duwmad ivelvislluiildedssdeilies uarUasnsiugaan
S9N

svvulihdrsesiadaiiolinaununissesidelnii ilessuulwihugruvesnisiniingsu
viosdudades fetrsgunsalluiiidrses 1y iedeaduialwii uag UPS (Uninterruptible  Power
Supply) 1Uusu ImEJ%éfaqahaﬁwé’qivxlﬂﬂﬁﬁ’uqﬂmm“lw%ashqm'aLﬁaa L
» laulndrsewmnidu
» Taulvithenseengnidu
= pdauwazdnulihluiuiivinayinuwesSmneuisegnsdeiiles
= gunsailwihdmiunisinuineiuiasdisdeliles uartieTin wugunsalluin
NNSUANENGL 2 (52U IT) wazgunsalszuufinamanisunng (Jusiy

7.4 szuulniuasadnagnidu waglaulnintheniseangniadu
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